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Abstract 
Global energy problems should be solved quickly, and superconducting applications are highly demanded as energy saving 
technologies. Among them, long-distance superconducting transmission seems to be one of the most promising for energy saving 
by energy sharing. On the other hand, such large systems can be constructed from smaller network systems that can be enhanced by 
scaling up to the superconducting grid. Reducing heat leak to the low temperature end is the most important aspect of technology 
for practical superconducting applications, and heat leak reduction at the terminal is a key goal especially for small-length 
applications. At Chubu University, we have developed a 200 m-class superconducting direct current transmission and distribution 
system (CASER-2), in which we also used a Peltier current lead (PCL) as heat insulation at the terminal. PCL is composed of a 
thermoelectric material and a copper lead. In actual transmission and distribution applications, the cables are also cooled by the 
coolant. After the circulation, the coolant could also be used to cool the current lead. We will discuss the performance of such gas-
cooled systems as the total performance of applied superconducting systems using the experimental parameters obtained in 
CASER-2.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
Superconducting applications are highly demanded for energy saving in order to solve global environmental issues. 
Among these applications, long-distance superconducting transmission systems seem to be one of the most promising 
for energy saving by energy sharing. On the other hand, such large systems can be built up from smaller network 
systems, which can be enhanced by scaling up to the superconducting grid. For the development of superconducting 
transmission systems, there are several projects in Japan, the U.S., Korea and China, such as those pertaining to long-
distance, high-voltage and/or grid cooperation systems [1-3]. For example, Albany projects successfully transmitted 
electric power to 70,000 homes in New York State [2]. Yokohama projects in Japan will represent a field test of 
superconducting transmission lines [3]. Direct current projects are also planned at an aluminum factory by the Chinese 
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Academy of Science. Chubu University has already developed a 20-m class superconducting direct current (DC) 
superconducting transmission device (CASER-1) [4] and has proposed several technologies to improve system 
performance of superconducting applications. Discussions have been made concerning the current balance of 
superconducting tapes as stable transmission systems, low-heat leak systems using special cryogenic double pipes, etc. 
[5,6]. 
For actual applications, reducing heat leak to the low temperature part is the most important aspect of technology 
for high-performance superconducting applications. For long-distance transmission lines, the main heat leaks can be 
reduced by high-performance cryogenic pipes [5]. On the other hand, heat leak reduction at the terminal for small-
length applications is a key goal for actual uses such as those involving the high-performance current lead [7-10]. At 
Chubu University, we are developing a 200 m-class superconducting DC transmission and distribution system 
(CASER-2) following our development of the 20 m-class CASER-1 system. In CASER-2, we also used a Peltier 
current lead (PCL) as heat insulation at the terminals. PCL is composed of a thermoelectric material and a copper (Cu) 
lead. The small thermal conductivity and large Seebeck coefficient of thermoelectric materials can effectively insulate 
the heat leak to the low temperature end. Several modifications of the PCL have also been proposed and discussed 
such as an alternating current mode, multi-stage modules, and gas-cooled systems [7]. Here, as CASER-2 was 
associated with DC-mode applications, we used normal PCLs of a single thermoelectric segment.  
In actual transmission and distribution applications, the cables are also cooled by the coolant. After the circulation, 
the coolant could also be used to cool the current lead. Such gas-cooled current leads under over-gas conditions seem 
to be candidates for use in high-performance terminal systems [9]. In this paper, we will discuss the performance of 
such gas-cooled systems as the total performance of applied superconducting systems using the actual parameters 
obtained in the cooling experiments of CASER-2.  
2. Experiments in CASER-2 
We constructed CASER-2 between August 2009 and January 2010. Specifications of CASER-2 and a picture of the 
terminals are shown in Fig. 1 (a). The transmission power of CASER-2 is 40 MW and the length is approximately 200 
m. There is an undulation of 2.7 m and a turn with a minimum radius of 2 m, which can emulate actual conditions of 
transmission lines in the field. From January to March of 2010, we first conducted cooling experiments and estimated 
the system performance of CASER-2. In January, the whole system was cooled down to liquid nitrogen temperature 
within one week and we set up the circulation systems using 1 kW-class cryo-cooler and circulation pump systems. In 
March, we successfully conducted a 1.2 kA current feeding test in a superconducting state in the system. Following 
the first cooling experiment, we performed 2nd and 3rd experiments. The heat leaks are summarized in Fig. 2, which 
shows the dependence of the heat leak on outside environmental temperature. The 3rd experiment indicated that 
improved multi-layer insulators and reducing spacers for inner pipes could reduce the heat leak. The current of 2.0 kA 
was successfully fed into the CASER-2 system and we also obtained heat leak measurements at the terminals until 1.5 
kA. The currents used for the heat leak measurements on the terminals are summarized in Table 1. We are now able to 
conduct a 4th cooling experiment with the improved cryogenic setups. 
3. Simulation methods 
We used the thermal balance equation (1) for heat leak estimation [11] with the Seebeck effect [12,13].  
 
       ,                                                                                                    (1) 
 
 
 
Fig. 1. Specification of CASER-2 (a) and PCL (b).  Fig. 2. Heat leak at cryogenic pipes. Upper and lower thermometers 
were attached to the top and bottom of the pipes, respectively.  
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where k is the thermal conductivity, θ is the temperature, Cp is the specific heat, A is the cross-section of the current 
lead, I is the current, and ρ is the resistivity. The Seebeck effect (αIθ) is added in the first term for the PCL. Gas 
cooling is expressed by the heat exchange ratio f between cold gas and the current lead with a mass flow  of liquid 
nitrogen. f = 0 indicates no heat exchange, which represents conduction cooling. f = 1 indicates that the cold gas can 
exchange the heat with the current lead in the equilibrium condition, which is self cooling. A schematic of the PCL is 
also shown in Fig. 1 (b). 
We used thermoelectric materials (BiTe) of 10-mm squares with a thickness of 4 mm. Under this constraint, we 
optimized the shape of the current lead for the operational current of 160 A. As we used high-Tc superconductors 
cooled by liquid nitrogen; the cold temperature was set as 77 K and the higher temperature at the other end was set as 
300 K. The optimized shape factor L/A for minimum Q was obtained by these boundary conditions, where L is the 
length of the current lead and Q is the heat load at the lower end of the current lead. 
Table 1. Feeding current conditions for heat leak measurements at the terminals. 
2nd cooling experiment 200 A, 400 A, 500 A, 600 A, 800 A, 1000 A, 1200 A, 1500 A 
3rd  cooling experiment 200 A, 400 A, 600 A, 800 A, 1000 A, 1040 A, 1200 A, 1500 A 
4. Discussion 
 Figure 3 shows the heat leak at the terminals. When this heat is used for the gas-cooling systems, f equals 1, which 
represents a self-cooling condition. If we use the gas from the cryogenic pipe, we can use additional gas to cool the 
current leads. Now we suppose that the gas-cooling systems keep the ambient pressure at equilibrium conditions and 
the remaining liquid nitrogen will circulate to cool the transmission systems with the cryo-cooler. Under this condition, 
the enhanced factor Q for the heat exchange ratio, where Qf is used as the exchange ratio instead of f, can be estimated 
from the ratio between the heat leak at the terminals (Fig. 3) and the transmission system as stated in section 2 (Fig. 2). 
In CASER-2, as liquid nitrogen flows from terminal A to terminal B, Q is calculated using the heat leak of terminal B 
and data at the 3rd cooling are used. On the other hand, if we used data at the 2nd cooling, a Q value enhanced by over 
10% can be obtained with a higher environmental temperature. 
 Figure 4 shows the current dependence of heat leak at the current leads. The heat leak of conduction cooling, 
which is the actual situation in CASER-2 (f = 0), and the self-cooling 
condition (f = 1) are also plotted. The gas-cooled conditions can reduce the 
heat leak, and a gas cooling system using extra gas from the cryogenic pipe 
could have a higher potential for use in low-heat leak terminal systems. For 
example, reduction of the heat leak for I = 75 A between circular and 
diamond symbols in Fig. 4 is 39%. The performance increases under smaller 
current conditions because of the greater amount of extra gas. Therefore, 
stability of the dependence on current seems to be improved. 25 W/kA is one 
of the requirements needed to reduce heat leak at the terminals with the 
optimal shape factors [14], and when using extra gas, it can also be achieved 
under smaller current conditions. 
 Finally, we consider the transmission length dependence of the extra gas 
effect. The enhanced factors for the heat exchange ratio are plotted in Fig. 5 
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Fig. 3. Current dependence of the heat leak on the 
terminals. Squares and circles are for Terminals A and B, 
respectively. 
 Fig. 4. Current dependence of heat leak. Open and closed symbols 
denote n-type and p-type PCLs, respectively. Circles are for f = 0, 
squares for f = 1, and diamonds represent gas cooling with extra 
gas coming from the cryogenic pipe system. 
0
1
2
3
4
5
0 100 200 300 400 500 600
50 A
75 A
100 A
125 A
Q
l (m)  
Fig. 5. Transmission length dependence 
of the enhanced factor for the heat 
exchange ratio. 
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with several feeding current conditions. Gas-cooling systems using extra gas coming from the transmission lines could 
have a higher performance for longer lines. Therefore, the heat leak of terminals becomes relatively small for the total 
transmission system, and total performance can be enhanced. Of course, part of the liquid nitrogen circulated could be 
used as the extra gas. Such flow-type systems are now being considered when estimating the cooling power of the 
circulation. 
5. Conclusion 
Using the experimental parameters in CASER-2, we estimated the heat leak of current leads with the gas-cooling 
effect. The gas-cooled conditions can reduce the heat leak, and a gas-cooling system using extra gas coming from the 
cryogenic pipe could have higher potential as a low-heat leak terminal system. For example, a heat leak reduction of 
39% is obtained at I = 75 A. Such gas-cooling systems using extra gas coming from the transmission lines could have 
a higher performance for longer lines. Therefore, the heat leak of terminals becomes relatively small considering the 
total transmission system, and then the total performance can be enhanced. This concept could be improved using the 
flow-type cryostat for small-length power applications. We discussed the performance of these gas-cooled systems as 
the total performance of applied superconducting systems. 
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